Abstract-This study focuses on determining the optimum tensile strengths of randomly oriented coir/plantain hybrid fiber reinforced polyester resin composites. The control factors of volume fraction, coupling agent and coir/plantain fiber ratio were used in forming the samples. Tensile test was conducted on the samples of Coir/plantain empty fruit bunch (CEFB) hybrid fibers and coir/plantain pseudo stem (CPS) hybrid fibers reinforced polyester resin composites respectively for the optimum tensile strengths. An OKH-600 Digital Display universal Testing Machine was used for conducting tensile tests in order to establish the control factor levels quality characteristics needed to optimize the mechanical properties being investigated. The highest signal-to-noise ratio (S/N ratio) for the quality characteristics was investigated by applying Taguchi robust design technique for the greater-the-better. The optimum values of the control factors were established for CEFB and CPS hybrid fibers reinforced polyester resin composites. The CEFB hybrid fibers reinforced polyester resin composites has the optimum tensile strength of 73.949 ⁄ while CPS hybrid fibers reinforced polyester resin composites has the optimum tensile strength of 75.498 ⁄ . The control factors contributed greatly to the tensile strength; and the CEFB hybrid fibers reinforced polyester resin composites are less in tension than that of CPS hybrid fiber.
I. INTRODUCTION
The properties of natural fiber reinforced polymer composites are generally governed mainly by the manufacturing process of the composites. The recognition of the potential weight savings that can be achieved by using the advanced composites, which in turn means reduced cost and greater efficiency was responsible for growth in the technology of fiber reinforcements, matrices and fabrication of composites [1] . The facts that composites in general can be custom tailored to suit individual requirements; have desirable properties in corrosive environment provide higher strength at a lower weight; and have lower life-cycle costs have aided in their evolution [2] . It provides a good combination in mechanical and thermal properties, and insulating protection. Binshan et al., [3] observed that these qualities in addition to the ability to monitor the performance of the material in the field via embedded sensors give composites an edge over conventional materials.
All plant-derived cellulose fibers are polar and hydrophilic
Published on February 11, 2020. Authors are with National Engineering Design Development Institute, Nnewi, Nigeria. in nature, mainly as a consequence of their chemical structure; so far, the utilization of sisal, jute, coir, plantain and bagasse fibers has found many successful applications. Hence, hybrid of two or more natural fibers, like coir and plantain fibers need to be explored for possible application in reinforcement of polymer. The selection of suitable fibers is determined by the required values of stiffness and tensile strength of a composite [4] , [5] . The environmental issues have resulted in considerable interest in the development of new composite materials with addition of more than one reinforcement that are biodegradable resources, such as natural fibers as low-cost and environment-friendly alternative for synthetic fibers [6] . The hybrid fibers in the composites can withstand higher load compared to singlefiber reinforcements in different direction based on the reinforcement, and the surrounding matrix keeps them in the desired location and orientation, acting as a higher load transfer medium between them. The hybrid fiber reinforced composites enhances the mechanical, thermal, damping properties compared to single-fiber reinforced composites; and the hybrid composites are used for many application and replacing wood, wood fiber composites and conventional materials [7] .
Jute-coir fiber reinforced hybrid polypropylene composites was studied for mechanical properties according to filler loading variation [8] . In the work, jute and coir hybrid fiber reinforced PP composites were manufactured using hot press machine. The level of fiber loading was varied at 5, 10, 15 and 20 wt% with jute/coir ratio of 1:1. The tensile strength of the composites decreased with an increase in fiber loading. The Young's modulus increased with fiber loading. Flexural strength, flexural modulus, charpy impact strength and average hardness values increased with an increase in fiber loading. Scanning electron microscopic analysis indicated strongest adhesion between the fiber and matrix when 20% fiber was reinforced into polypropylene polymer. As a result of the study, 20% fiber composite yielded the best set of mechanical properties compared to other composites.
Kenaf fiber as another natural fiber has find its way in serving the same purpose as synthetic glass fiber whereby a hybrid material of natural kenaf and synthetic glass fiber served as reinforcement on Improving Mechanical Properties of kenaf fiber reinforced composite for Automotive Structures [9] . This study focused on the mechanical properties of a hybrid kenaf/glass reinforced composites for utilization in passenger car bumper beam since the hybrid of synthetic glass fibers and kenaf fibers can still be used to enhance the mechanical properties. A twisted kenaf hybrid material, which is fabricated by hot impregnation method present a good mechanical properties. Their comparison charts shows some mechanical advantages. This implies that a hybrid kenaf/glass reinforced material could be utilized in automotive structural components such as bumper beams and front end modules.
Another investigation was undertaken on mechanical properties of banana-coir hybrid composite using experimental and fem techniques [10] . The tensile and impact tests showed that treated banana-coir epoxy hybrid composites have higher tensile strength and impact strength than untreated composites. However, untreated fiber composites have greater flexural strength than the treated fiber composites. The stresses at the interface of the bananacoir and matrix, induced by the different loading conditions, were applied to predict the tensile, impact, and flexural properties by using the FEA models. The analysis is useful for realizing the advantages of hybrid fiber reinforced composites in structural applications and for identifying where the stresses are critical and damage the interface under varying loading conditions. Khalif [11] undertook an experimental investigation of effect of fiber diameter on tensile properties of Jute -Banana fiber (hybrid) reinforced epoxy composite. Fibers are of diameter 1mm, 2mm and 3mm in the form of yarns. As the diameter of fibers (volume fraction) increases the tensile strength increases. From the obtained results the percentage of elongation of jute, banana and hybrid (jute-banana) fiber reinforced composites is 14%, 9% and 8.5% respectively when it is loaded along the orientation of fibers and 10%, 7.5% and 6.7% when it is loaded perpendicular to the orientation of fiber. And it is found that the stress is maximum when it is loaded along the orientation of fiber and minimum value of stress when it is loaded perpendicular to the orientation of fiber. Increase in tensile strength is achieved by hybridization of jute and banana fibers. There is an enhancement of 39.39% and 24% in tensile strength because hybrid based epoxy composite when compared to jute and banana reinforced epoxy composites. Furthermore, Essabir [12] studied the mechanical and thermal properties of hybrid composites: Oil-palm fiber/clay reinforced high density polyethylene. The evolution of thermal, mechanical, and dynamic mechanical performances of the hybrid composites as a function of filler content was investigated. The morphological study showed that the alkali treatment of OPF fibers enhanced their surface interaction with the polymer, while the addition of a coupling agent increased the interfacial adhesion between both fillers and the polymer matrix leading to improved filler dispersion/distribution (homogeneity). The tensile properties results showed that the 12.5:12.5 hybrids composite had the best tensile properties with a gain of 49% in Young's modulus and 11% in tensile strength. For the dynamic mechanical characterization, an increase in the complex modulus was observed with filler addition. The thermal stability of the hybrid composites increased with clay addition which is more thermally stable than OPF. The results obtained confirmed the viability of the combination between fibers and particles.
In the Investigation of Bending Test on Hybrid (Sisal and Banana) Fiber Reinforced Polyester Composite Material [13] , the bending tests were conducted by preparing varying percentage of standard specimen. It was found that there was appreciable improvement in bending Properties of 10%, 20%, 30% and 40% HFRPC material. This Study suggested 30% and 40% of HFRPC material may be suitable for the different application in the replacement of human bone. From the Experimental results, it was found that increasing the weight fraction of the fiber or percentage of fiber will increase the bending strength and also increases the density and mass of composite specimen. The study suggested that the 30% and 40% HFRPC material which is low density and high strength biocompatible material may be suggested for implant, especially for cortical bone.
Many investigations have been made on the potential of the natural fibers as reinforcements for composites and in several cases the results have shown that the natural fiber composites own good stiffness but most times the composites do not reach their optimal strength [14] ; it was then realized that the full economic and technical potential of any composite manufacturing process can be achieved only while the formulation process is run with the optimum parameter combinations. The CEFB and CPS hybrid fibers reinforced polyester resin composites with the parameter combination of volume fraction, coupling agent and coir/plantain fiber ratio can result to optimum strength.
II. MATERIALS AND METHODS
In this study, the hybrid of coir and plantain fibers was used as reinforcement; aqueous sodium hydroxide (NaOH) and Maleic anhydride (MAH) were used for fiber chemical treatments; and polyester resin was used as the matrix.
A. Chemical Treatment and Process Variables
In this study, 5% of aqueous sodium hydroxide (NAOH) was used in treating coir fibers, empty fruit bunch plantain fibers and pseudo stem plantain fibers for 2 hours at room temperature. Afterward, the alkali treated fibers were air dried. Afterward, the fibers were esterified with maleic anhydride (MAH) solution of different percentages (conc. 0.1%, 0.25% and 0.5%) and left for 45 minutes under agitation for condensation and chemical bonding of maleic anhydride and cellulose fibers. Treated fibers were then washed to remove excess coupling agents.
After esterification of Coir fiber, Empty fruit bunch plantain fiber and Pseudo stem plantain fiber with the Coupling agent (maleic anhydride); the fibers were chopped at the same length of 10mm for reinforcement of composite samples. Considering the key areas of investigation as concern the hybrid arrangement of Coir/Empty fruit bunch plantain (CEFB) and Coir/Pseudo stem plantain (CPS) fibers, the experimental process variables (control factors) used in this study are Volume fraction (%), Coupling agent (%w/v) and Fiber ratio (-); while the response variables will be discussed in the materials testing and characterization section.
B. Composite Design and Preparation Techniques 1) Determination of Fiber Quantity
Fiber volume fraction is calculated by following the derivations from rule of mixture based on the procedures [15] , [16] . The volume ( ) and mass of a particular composite specimen consist of volumes and masses of fibers and matrix respectively.
The volume of fibers ( ) in a particular composite specimen is the ratio of the mass of fiber ( ) to its density ( ). Likewise, the volume of matrix ( ) in a particular composite specimen is the ratio of the mass of matrix ( ) to its density ( ).
=
(3)
The volume of a particular composite specimen ( ) is, in other words, the sum of (3) and (4).
The volume fraction of fiber ( ) and volume fraction of matrix ( ) in a particular composite specimen can be represented as follows:
Equations (5) and (6) show that once the volume of composite specimen, specified volume fraction, and density of fibers are known, the mass of the fiber for the specified volume fraction in a particular composite specimen can be determined and measured out for that same specified volume fraction.
2) Design of Experiment
The most important stage in the design of experiment lies in the selection of the control factors. The control factors (process parameters) of hybrid fibers and their three levels for preparing specimens are shown in Table I .
The experimental design involves using orthogonal arrays to organize the parameters affecting the process and the levels at which they should be varied as proposed by Taguchi. This allows for the collection of the necessary data to determine which factors most affect product quality with a minimum amount of experimentation, thus saving time and resources [17] . Parameters  A  B  C  1  1  1  1  2  1  2  2  3  1  3  3  4  2  1  2  5  2  2  3  6  2  3  1  7  3  1  3  8  3  2  1  9  3  3  2 The signal-to-noise ratio measures the sensitivity of the quality investigated to those uncontrollable factors (error) in this experimental design. The higher value of ratio is always desirable, because greater ratio will result in smaller product variance around the target value. In order to perform mean square deviation (MSD) and S/N ratio analysis for "thelarger-the-better" quality characteristic and ratio, the equations below were used [17] , [18] :
Where, is a particular tensile property for ℎ replicate experiment.
3) Preparation of Composites
The composite production method adopted for this study based on open molding is the Hand Lay-up processing because the reinforcement is placed manually. This process is labor intensive and less expensive. The mold is first polished and then a mold-releasing agent (Polyvinyl alcohol) is applied on the surface to facilitate easy removal of the composite from the mold after curing. Initially, resin and hardener were mixed to form a matrix and then the chopped fiber reinforcement, as recommended by Ashby [19] , is placed in discontinuous and randomly oriented manner on the top (see Fig. 4 ). A roller is used to impregnate the fiber with the resin. Another resin and reinforcement layer may be applied until a suitable thickness builds up. The schematic diagram for standard hand lay-up process is shown in Fig. 5 , where the thickness of the composite part is built up by applying a series of reinforcing layers and liquid resin layers. A roller is used to squeeze out excess resin and create a uniform distribution of the resin throughout the surface. By the squeezing action of the roller, homogeneous fiber wetting is obtained. The part is then cured at room temperature for 24 hours and, once solidified; it is removed from the mold.
The coir-plantain hybrid fiber reinforced composites were prepared for tensile test according to ASTM D638 Type I. The tensile properties were determined using equations (10) to (11) .
The strain, ε, is given by
while the tensile stress, , is given by
In the above equations, is the final length, 0 is the original length, is the maximum applied force, b is the specimen breadth, h is the specimen height or thickness.
III. RESULTS AND DISCUSSIONS

A. Tensile strength responses: ANOM and ANOVA
Traditional experimentation on replicate samples of CEFB and CPS hybrid fiber reinforced polyester composites were used to obtain the value of quality characteristics using different levels of control factors as in Table I; and Table II which shows Taguchi DOE orthogonal array that will be implemented in Design matrix for the larger the better signal to noise (S/N) ratio.
Taguchi design requires data analysis of means (ANOM) and analysis of variance (ANOVA). The ANOM is a process of determining the direct effects of each variable; while ANOVA helps to ascertain the comparative importance of the parameters in terms of % contribution to the response and determine the error variance for the effects and variance of prediction error [21] .
1) CEFB hybrid fiber reinforced polyester composite
The experimental results of tensile responses for CEFB composite in Table III according to their fiber parameters and levels were implemented in Minitab 17 software. The average responses of the control factors are summarized in Table IV . The results of ANOM for CEFB composites in Table IV are represented in response graphs (Figures 9 and 10) . The level of a process parameter with highest signal to noise (S/N) ratio value is the optimum level. As seen in Figures 9 and 10 , the optimal combination of process parameter settings for maximizing the tensile strength of CEFB hybrid fiber reinforced polyester composite is A1, B1 and C3 i.e. the specimen (with hybrid fibers) having volume fraction of 10% with 0.1%w/v of coupling agent using coir/plantain fiber ratio of 70/30. However, the comparative magnitude among the process parameters has to be investigated through the ANOVA. The average responses of the control factors are summarized in Table VII . ANOM results for CPS composites in Table VII are represented in response graphs (Figures 11 and 12) . The level of a process parameter with highest signal to noise ( / ) ratio value is the optimum level. Figures 11 and 12 present the optimal combination of process parameter settings for maximizing the tensile strength of CPS hybrid fiber reinforced polyester composite is A2, B1 and C2 i.e. the specimen (with hybrid fibers) having volume fraction of 30% with 0.1% / of coupling agent using coir/plantain fiber ratio of 50/50. The comparative magnitude among the process parameters were investigated through the ANOVA. The summary of ANOVA result for tensile strength of CPS hybrid fiber reinforced polyester composite material are presented in Table VIII . The volume fraction has more contribution (39.73%) on the maximizing tensile strength followed by coir/plantain fiber ratio (23.31%) and Coupling agent has least effect (8.55%) in maximizing tensile strength of CPS hybrid fiber reinforced polyester composite material. 
B. Estimation of expected responses based on optimum settings
The expected response is estimated using the optimum control factor setting from the main effects plots; by employing the response table for signal to noise ratio and the response table for mean [21] , the expected response model is as in equation 12:
Where, = expected mean response, = average response, ( , )
is the mean of optimum level of factor and is the number of main design parameter that affect the response.
1) CEFB hybrid fiber reinforced polyester composite
For the CEFB hybrid fiber reinforced polyester composite from 
C. Regression model for optimum values analysis
The relationship between tensile strength and combination of control factors is obtained using mathematical models and final prediction equations.
1) CEFB hybrid fiber reinforced polyester composite
For the CEFB, formula 13 is formulated from Table XI shows the coefficients of model for means in CPS composites. R-Sq = 71.8% indicates that the model is able to predict the response with high accuracy. Adjusted R-Sq (0.0%) is also zero. The standard deviation of errors in the modeling, S, is 2.956.
D. Verification of experiment
Predicting and verifying the performance characteristic of the experiment using the optimal level of design parameters are essential once the optimal levels of the process parameters have been identified for each of the properties. The predicted optimum value of S/N ratio ( ) of the response is determined by the formula [21] , [22] :
where, η is the overall average of S/N ratio; ( , ) is the S/N ratio of optimum level of factor and 1 is the number of main design parameter that affect the response. The observed value of S/N ratio ( ) and the predicted value ( ) are used to verify the experiments. The validation experiments at optimal levels of process parameters for each of the tensile properties of the coirplantain hybrid fiber reinforced polyester composites were conducted, and their errors of prediction ( − ) were also evaluated. The conformity test results are presented in Table XII . From Table XII , it is observed that the calculated value of prediction error for CEFB and CPS are highly minimal. Thus, it clearly indicates the adequacy of the control factors of both tensile property models.
IV. CONCLUSION
Coir/plantain hybrid fiber reinforced composites of different compositions were prepared, and the samples were characterized for their tensile properties. The following deductions can be drawn from the work:
1. The CEFB hybrid fiber reinforced composite has the optimum tensile strength of 73.949 / 2 when the control factors (volume fraction, couple agent and coir/plantain fiber ratio) of the hybrid fibers are set 10%,0.1% / and 30/70 ratio respectively, while CPS hybrid fiber reinforced composite has the tensile strength of 75.498 / 2 when the control factors (volume fraction, couple agent and coir/plantain fiber ratio) of the hybrid fibers are set 30%,0.1% / and 50/50 ratio respectively; 2. The result indicates that coupling agent treatment of hybrid fiber is the most significant factors affecting the tensile strength of the CEFB hybrid fiber reinforced composites, followed by volume fraction of the same hybrid fibers. Although the effect of fiber ratio is significantly less; while volume fraction of hybrid fiber has the highest influence on the tensile strength of the CPS hybrid fiber reinforced composites, followed by coir/plantain fiber ratio of the same hybrid fibers. The effect of coupling agent treatment is though significantly less. 3. The validation experiments at optimal levels of process parameters for each of the tensile property models of the both CEFB and CPS hybrid fiber reinforced polyester composites are highly adequate; hence the minimal levels of the prediction error. Consequently, the composites of CPS hybrid fibers are stronger in tension than those of CEFB at their respective optimum settings which maintains common coupling agent percentage (0.1% / ) treatment.
